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Flavour physics, from now up to the operation of the next high energy collider, will be
an important tool for BSM searches at the TeV scale. Although far from exhaustive, a
particularly relevant case is represented by the possibility that the Higgs be a composite
Pseudo-Nambu-Goldstone-Boson (PNGB) at a scale lH = 1/m∗. While a totally model-
independent assessment of the potential of flavour physics in this case is impossible, here we
illustrate what is likely to be a minimal sensitivity on m∗ by considering suitable examples.
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I. INTRODUCTION
Among the indirect tests of new physics, those that aim at seeing evidence for (or setting
limits on) the scale of Higgs compositeness, lH = 1/m∗, as usually called in the literature,
are among the most important ones, if not the dominant at all. The purpose of this note
is to describe the sensitivity to m∗ of flavour physics with an eye to the progress foreseen
before the operation of the next collider, be it an e+e− or a pp or even a muon collider,
here dubbed ”near” future. A comprehensive detailed analysis of foreseen experimental and
theoretical developments in flavour physics within this temporal range is definitely beyond
the scope of this note. Rather we focus our attention on an indispensable set of hypotheses
required to describe flavour in composite Higgs models, in order to see their impact on the
sensitivity to lH = 1/m∗ in minimal examples.
II. SETTING THE FRAMEWORK
We assume that a new strong interaction with a confinement scale m∗ and a strong
coupling 1 < g∗ < 4pi gives rise, after spontaneous symmetry breaking, to the Higgs, H, as a
Pseudo-Nambu-Goldstone-Boson (PNGB). This is the scheme adopted also when discussing
the ElectroWeak Precision Tests or other flavour-less precision tests in this context. Here
we are not concerned with the issue of the relation between m∗ and mH .
The standard fermions do not feel directly this new strong interaction, but, to get a mass,
they have to be connected in some (unspecified) way with a composite operator of the strong
sector, OH with < 0|OH |H >6= 0. To describe flavour, after integrating out all states at
or above a flavour scale ΛF , the standard fermions, f
a
i , will enter the effective Lagrangian
below ΛF always multiplied by a dimensionless coupling λ
a
i . There can be more than one
flavour scale ΛF , in which case we concentrate on the scale, that we shall keep calling ΛF ,
at which the top quark acquires its mass [1]. (See also [2, 3] and references therein.) Below
this scale we take as relevant effective Lagrangian
Ltop = Λ
4
F
g2ΛF
[L0(λ
t
LqL3
Λ
3/2
F
,
λtRtR
Λ
3/2
F
,
Dµ
ΛF
,
OH
ΛdHF
) +
g2ΛF
16pi2
L1(λ
t
LqL3
Λ
3/2
F
,
λtRtR
Λ
3/2
F
,
Dµ
ΛF
,
OH
ΛdHF
) + . . . ] (1)
as it arises from Naive Dimensional Analysis if a single new coupling gΛF is involved, other
than λtL,R, and the operator OH has anomalous dimension dH . This Lagrangian fixes in
2
particular the effective top Yukawa interaction at ΛF
LtopY (ΛF ) =
xLxR
ΛdH−1F
q¯L3OHtR, xL,R =
λtL,R
gΛF
(2)
or the top Yukawa coupling yt at the compositeness scale m∗, after OH → g∗mdH−1∗ H,
yt = g∗xLxR(
m∗
ΛF
)dH−1. (3)
As it will be used in the following, the Lagrangian (1) fixes as well all the effective
interactions among qL3, tR, but not the entire set of Yukawa couplings YU,D,E, which, as
said, will involve all the other λai and possibly other flavour scales. As such, the full Yukawa
couplings are model dependent. On the other hand the mixings of the third generation
quarks, qL3 and tR entering in (1) with the lighter generations, required to diagonalise these
full Yukawa couplings, are crucial to compare the predictions of (1) in flavour experiments.
To overcome this problem, calling UL,R and DL,R the unitary matrices that diagonalise YU
and YD respectively, we shall consider the following 3 cases:
• Case 1: DL = V, UL = 1, DR = UR = 1
• Case 2: UL = V +, DL = 1, DR = UR = 1,
• Case 3: UL = V +, DL = 1, DR = 1, UR = V +
where V = U+LDL is the CKM matrix.
We think that the overall consideration of these examples illustrates the power of flavour
physics. It is easy to consider motivated cases more constraining on m∗, whereas, on the con-
trary, it is hard to conceive a situation less constraining on m∗ than each of these examples,
especially Case 1 and 2.
III. ∆F = 2
From the Lagrangian (1), upon use of eq. (3), the 4-Fermi interactions at m∗ of qL3, tR
among themselves are
L4F = y
2
t
m2∗
(
ΛF
m∗
)2(dH−2)[x2t (q¯L3γµqL3)
2 + (q¯L3tR)(t¯RqL3) +
1
x2t
(t¯RγµtR)
2], xt =
xL
xR
. (4)
After going to the physical bases, this Lagrangian generates in the three cases defined above
the following ∆F = 2 effective Lagrangians:
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∆S = 2 ∆C = 2 ∆Bd = 2 ∆Bs = 2
Case1 7(13)xt − 8(20)xt 9(20)xt
Case2 − 3(10)xt − −
Case3 − 10(30) − −
TABLE I. Summary of the 95% probability lower bounds on m∗/TeV from ∆F = 2. xt can vary
in the range yt/gΛF < xt < gΛF /yt. In parenthesis the sensitivity expected at the end of LHC is
indicated in the different cases.
L∆F=2Case1 =
y2t
m2∗
C[x2t (d¯Liξ
d
ijγµdLj)
2], ξdij = VtjV
∗
ti (5)
L∆F=2Case2 =
y2t
m2∗
C[x2t (u¯Liξ
u
ijγµuLj)
2], ξuij = VibV
∗
jb (6)
L∆F=2Case3 =
y2t
m2∗
C[x2t (u¯Liξ
u
ijγµuLj)
2 + (u¯Liξ
u
ijuRj)(u¯Rk(ξ
u
lk)
∗uLl) +
1
x2t
(u¯Riξ
u
ijγµuRj)
2] (7)
The overall coefficient
C = (
ΛF
m∗
)2(dH−2) (8)
is bigger than one for any scale ΛF > m∗ since dH ≥ 2 [4].
From these effective Lagrangians a full fit of current flavour data [5] allows to set the
bounds on the compositeness scale m∗ summarised in Table I. In the ”near” future these
bounds are expected to go to the values indicated in parenthesis.
IV. ∆F = 1
By analogous considerations to the ones developed in the previous Section, the effective
Lagrangian most relevant to ∆F = 1 transitions is
L∆F=1 = g∗yt
m2∗
C1/2i(H†
←→
DµH)[xt(q¯L3γ
µqL3) +
1
xt
(t¯Rγ
µtR)] (9)
From this Lagrangian the most relevant bounds are obtained for Case 1, i.e, after going
to the physical basis, from
L∆F=1Case1 =
g∗yt
m2∗
C1/2i(H†
←→
DµH)[xt(d¯Liξ
d
ijγ
µdLj)]. (10)
4
12 23
Case1 1.7
√
g∗xt 4.5
√
g∗xt
TABLE II. Lower bounds on m∗/TeV from ∆F = 1 transitions. xt can vary in the range
yt/gΛF < xt < gΛF /yt
In Fig.s 1, we show the current constraints on the overall coefficients C
(1)
φq |ij of the operator
i(H†
←→
DµH)(d¯Liγ
µdLj) in the 12 = ds (upper figure) and 23 = sb channels (lower figure). The
uncertainties of the observables in the 12 = ds case are dominated by theory. An important
input would come from a determination of the branching ratio of K+ → pi+νν¯ at the 10%
level. Achieving this sensitivity would be equivalent to Re[C
(1)
φq ]12 . 4 · 10−5TeV −2 (and
might perhaps support or dilute the putative evidence for BSM contribution in ′/, hinted
in Fig. 1, upper). Due to the large number of observables relevant to the 23 = sb case, the
lower figure shows the result of an overall fit. Particularly important are the branching ratio
of Bs → µ+µ− and the angular variables in B → K∗µµ, both statistically dominated at
present [6].
Based on Fig.s 1 we consider
Im[C
(1)
φq ]12 . 6 · 10−5TeV −2, Re[C(1)φq ]23, Im[C(1)φq ]23 . 2 · 10−3TeV −2 (11)
which correspond to the bounds on m∗ shown in Table II.
Note that eq. 10 contains as well a correction to the Zbb¯ coupling
δgbL = C
(1)
φq |33
v2
2
(12)
so that, requiring δgbL < 1.5 · 10−3, one gets m∗ & 4.5√g∗xt TeV .
We do not consider the bounds/sensitivity from ∆C = 1 operators due to the difficulty
of estimating the SM contributions to these processes.
In some models with a suitable custodial parity [7] the relation
C
(1)
φq |33 = −C(3)φq |33 (13)
with the coefficient C
(3)
φq |33 of the operator i(H†
←→
DµσaH)(d¯L3γ
µσadL3) may suppress all these
∆F = 1 effects.
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FIG. 1. Current constraints on the coefficient C
(1)
φq |12, upper figure, and on the coefficient C(1)φq |23,
lower figure. See text. Courtesy of David Straub.
V. DIPOLE OPERATORS
A. Neutron Electric Dipole Moment
From the Lagrangian (1) at one loop one obtains the dipole operators (identifying ΛF
with m∗ and gΛF with g∗ for ease of exposition, but without influence on the bounds on m∗)
Ldip = g
2
∗
16pi2
mt
m2∗
[Cdip(t¯LσµνtR)eF
µν + C˜dip(t¯LσµνT
atR)gSG
µν
a ], (14)
6
m∗/TeV
Case1 5.5 g∗4pi
Case2 5.5 g∗4pi
Case3 32 g∗4pi
TABLE III. Lower bounds on m∗/TeV from the neutron dipole moment.
where Cdip, C˜dip are coefficients of order unity, in general complex. In Case 3, after going in
the physical basis, this gives
LdipCase3 =
g2∗
16pi2
mt
m2∗
[Cdip(u¯Liξ
u
ijσµνuRj)eF
µν + C˜dip(u¯Liξ
u
ijσµνT
auRj)gSG
µν
a ] (15)
The cromo-electric dipole moments of the quarks feed into the neutron electric dipole
moment, currently bound by [8]
dn < 2.9 · 10−26 e cm, (16)
via their contribution to the Weinberg operator. As a consequence, from the up, charm and
top contributions one gets [9]
Im(C˜dip)ξu11 < 1.3 · 10−8, Im(C˜dip)ξu22 < 1.8 · 10−5, Im(C˜dip)ξu33 < 3.3 · 10−2, (17)
with a common factor (g2∗/16pi
2)(TeV/m∗)2 left understood on the left side of each of these
bounds. Given the values of ξuii, the bound in Case 3 is dominated by the contribution
from the up quark. Taking Im(C˜dip) = 1, these bounds translate into the bounds on m∗
shown in Table III. The sensitivity to the neutron electric dipole moment is expected to be
improved by one order of magnitude in the near future by a dedicated experiment at PSI.
Consequently, in absence of a signal, the limits shown in Table III are expected to improve
by about a factor of 3.
B. Electron Electric Dipole Moment
Within the restricted framework considered so far and specified in Section II the most
significant effect on the electron EDM arises at two loops via the Barr-Zee-type diagrams.
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This proceeds through a one loop contribution to the H2FF˜ operator, which is then trans-
ferred to the electron EDM by running to the low energy scale [10]. An estimate of the
overall effect to the EDM de is
de
e
≈ g
2
∗
16pi2
e2
16pi2
ytxt
g∗
me
m2∗
(18)
where we have assumed an order one phase appearing in the coefficient of the H2FF˜ oper-
ator. Requiring that this estimate be less than the recently reported result by the ACME
collaboration, |de| < 1.1 · 10−29 e · cm [11], leads to the bound
m∗ < 6
√
g∗xtTeV. (19)
The large effective electromagnetic fields (> 10 GV/cm) present in heavy polar molecules
may allow in the coming years a greatly improved sensitivity on the electron EDM, poten-
tially improving the ACME result by orders of magnitude.
VI. LEPTONIC FLAVOUR
In all considerations developed so far no assumption had to be made about the scales at
which the elementary fermions interact with the composite Higgs sector to get their Yukawa
couplings. To discuss flavour in the case of leptons we assume that the τ lepton gets its
Yukawa coupling at the same scale ΛF at which the top quark gets its own. In practice this
means that L0 and L1 in eq. (1) acquire a further dependence on λτLlL3/Λ3/2F , λτRτR/Λ3/2F .
Furthermore we assume that the mixing matrices in the leptons are related to their masses
(i, j = e, µ, τ) by
|V Lli>j| = |V Rli>j| =
mj
mi
(20)
In full analogy with the case of the quarks, in particular eq. (14), the operator that leads
to the strongest contraints in the lepton case is
Ldipτ =
g2∗
16pi2
mτ
m2∗
Cdipτ (τ¯LσµντR)eF
µν (21)
i.e., after going to the physical basis,
Ldipl =
g2∗
16pi2
mτ
m2∗
Cdipτ [(τ¯Lσµνξ
l
τµµR) + (µ¯Lσµνξ
l
τµeR)]eF
µν , ξlij = V
l
τjV
l∗
τi (22)
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FIG. 2. Case 1: Current bounds now (full lines) and the sensitivity expected in the ”near” future
(dotted lines) from ∆Bs = 2 (blue) and the neutron EDM (red). Also shown is the current bound
from the electron EDM (yellow) and from ∆Bs = 1 (green) in models without a custodial parity.
Everywhere xt = 1/2, eq. 4.
τ → µγ µ→ eγ
m∗/TeV 8 g∗4pi 16
g∗
4pi
TABLE IV. Lower bounds on m∗/TeV from LFV decays
plus similar terms with the role of L and R reversed. In view of the current bounds, this leads
to the lower limits on m∗ shown in Table IV. Since the sensitivity to the relevant branching
ratios is expected to improve by one order of magnitude, these bounds are expected to
improve by about a factor of three.
If Cdip has a phase, again after going to the physical basis, eq. (21) leads to electric
dipole moments for the leptons. For the electron,
Ldipe =
g2∗
16pi2
mτ
m2∗
Cdipτ (
me
mτ
)2(τ¯LσµντR)eF
µν , (23)
so that, with maximal phase, the current limit on the eEDM < 1.1 · 10−29 e · cm, leads to
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FIG. 3. Case 2: Current bounds now (full lines) and the sensitivity expected in the ”near” future
(dotted lines) from ∆C = 2 (blue) and the neutron EDM (red). Also shown is the current bound
from the electron EDM (yellow). Everywhere xt = 1/2, eq. 4.
the bound
m∗ < 20
g∗
4pi
TeV. (24)
VII. SUMMARY
From now up to the operation of the next high energy accelerator, flavour physics will
be an important tool for BSM searches at the TeV scale. A particularly relevant case
is represented by the possibility that the Higgs be a composite PNGB at a scale lH =
1/m∗. While a totally model-independent assessment of the potential of flavour physics is
impossible, one can nevertheless consider two examples, Case 1 and 2 defined in Section II,
that illustrate what is likely to be a minimal sensitivity on m∗. This is summarised in
Fig.s 2 and 3 for the two cases respectively. Other cases considered in the text (Case 3
in Section II, and Section VI) give stronger and/or additional constraints. For comparison
we show in Fig. 4 the sensitivity expected from flavour-less Precision Tests on the same
basic composite Higgs model. Taking into account that in all the three figures the various
bounds can be moved by different O(1) factors, the complementarity of the two approaches
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FIG. 4. Current bounds now (dotted lines) and the sensitivity expected at the end of HL-LHC
(full lines) from flavour-less Precision Tests and direct searches. Adapted from a talk by A. Wulzer
for the European Strategy, Granada,13-16 May, 2019
is manifest.
Although the considerations developed in this note are far from exhausting the potential
impact of flavour physics in the ”near” future, with the general aim of finding clues to attack
the flavour puzzle, we think that they illustrate concretely such potential in a particularly
relevant example1.
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